All of the available hydrographic station data (temperature, salinity, dissolved oxygen, phosphate and nitrate) taken in various seasons from 1964 to 1985 are analyzed to show where the upper portion of the Japan Sea Proper Water (UJSPW) is formed and how it circulates. From vertical distributions of water properties, the Japan Sea Proper Water can be divided into an upper portion and a deep water at the σ 1 (potential density referred to 1000 db) depth of 32.05 kg m -3 surface. The UJSPW in the north of 40°N increases in dissolved oxygen contents and decreases in phosphate contents in winter, while no significant seasonal variation is seen in the south of 40°N. Initial nutrient contents calculated from relationships between AOU and nutrients on isopycnal surfaces show no significant regional difference in the Japan Sea; this suggests that the UJSPW has originated from a single water mass. From depth, dissolved oxygen and phosphate distributions on σ 1 32.03 kg m -3 surface, core thickness distribution and subsurface phosphate distribution, it is inferred that the UJSPW is formed by the wintertime convection in the region west of 136°E between 40° and 43°N, and advected into the region west of the Yamato Rise along the Continent; finally, it must enter into the Yamato Basin.
Introduction
The Japan Sea is a large marginal sea (the area is 1.008 × 10 6 km 2 ) surrounded by the Japanese Islands, the Sakhalin and the Asian Continent (Fig. 1) . The water under the main thermocline of the Japan Sea, which is called the Japan Sea Proper Water (Uda, 1934) , is the most homogeneous water of the adjacent seas in the world ocean (Worthington, 1981) . However, Sudo (1986) pointed out that the water can be divided into an upper portion and a deep water at the depth of potential temperature (referred to sea surface) 0.1°C (about 800-1000 m depth), where vertical discontinuities of salinity and dissolved oxygen are often seen. Recently, on the basis of hydrographic data taken from a few synoptic observations, it is shown that the upper portion of the Japan Sea Proper Water (UJSPW) can be defined as having a σ 1 (potential density referred to 1000 db) range of 32.00 to 32.05 kg m -3 (Senjyu and Sudo, 1993) .
The circulation of the UJSPW or the mid-depth circulation of the Japan Sea is difficult to determine from standard dynamical calculations because of homogeneity in temperature and salinity. Senjyu and Sudo (1993) have attempted to trace the UJSPW with pycnostad thickness and distributions of depth and water properties, mainly dissolved oxygen, on isopycnal surfaces. They suggested that the UJSPW is formed by wintertime convection in the western region, probably off the Siberian coast west of 136°E between 40° and 43°N, and advected southward to southwestward. Two questions arise from their results. The first is as to seasonal variations. Their analysis has been made for the particular hydrographic survey data, mostly taken in July and September to October 1969. Since the UJSPW can be formed by wintertime convection, its circulation is probably subject to both seasonal and year-to-year variations. Another question is whether or not the UJSPW flows into the Yamato Basin east of the Yamato Rise; this point has not been clearly shown in their analysis.
In this paper, we examine the UJSPW in seasonal and spatial variations of water characteristics with statistical analysis of hydrographic data for more than 20 years. The analysis is based on distributions of water properties on isopycnal surfaces as we did in the previous one. In addition to depth, thickness and dissolved oxygen distributions for selected potential densities, those of phosphate and nitrate are used as tracers. Initial phosphate and initial nitrate are typical examples of chemical parameters applied in water mass analysis (e.g., Broecker et al., 1985; Bigg and Killworth, 1990) . Kim et al. (1992) showed that the Japan Sea Proper Water consists of two ) and salinity (34.00-34.10 PSU). Dashed lines and solid lines indicate σ θ and σ 1 , respectively. Potential temperature is given in θ (when moved adiabatically to the sea surface) and θ 1 (when moved adiabatically to 1000 db surface) for σ θ and σ 1 , respectively.
components, possibly corresponding to the UJSPW and deep water, with initial phosphate and initial nitrate based on regeneration ratios calculated for upper 400 m of a winter CSK station (49K2120025, 40°55′ N 132°19′ E, February 14, 1976; JODC, 1977 , also Maizuru Marine Observatory PM-11, Japan Meteorological Agency, 1978 . We describe relationships among phosphate, nitrate and dissolved oxygen on some isopycnal surfaces; it is shown that application of a conservative combination of nitrate or phosphate and dissolved oxygen is successful in tracing the UJSPW back to formation and its pathway.
Data
Most of the available hydrographic station data ( Fig. 2) were taken by Maizuru Marine Observatory from 1964 to 1985. The observations were carried out regularly for two to four times a year, mainly along several fixed sections extending northwestward near the Japanese coast. The maximum sampling depth was usually 600 m or more, occasionally 2000 m or more at a few fixed stations for monitoring marine environment, except for shallow regions. The data from several hydrographic surveys made by Japan Meteorological Agency and Maritime Safety Agency during the period are used in the present analysis as well.
The analysis is presented every 3 months (winter, January-March; spring, April-June; summer, July-September and autumn, October-December). Of the available hydrographic casts, 767 were obtained in winter (80% of them in February, Fig. 2(a) ), 329 in spring (95% in May), 1323 in summer (87% in July and August, Fig. 2(b) ) and 310 in autumn (91% in October). These stations are mostly occupied south of 43°N.
Temperature, salinity, dissolved oxygen and phosphate were observed at standard depths on almost all of the stations; nitrate was determined at standard depths on 666 stations of total, 2729.
Temperature and salinity in the Japan Sea Proper Water vary within narrow ranges (0-1°C and 34.00-34.10 PSU) and their vertical gradients, especially below 1000 m, are very small. Since the boundary between the UJSPW and deep water lies near 1000 m depth, we use θ 1 and σ 1 (potential temperature and potential density referred to 1000 db) instead of θ and σ θ (potential temperature and potential density referred to sea surface). For these temperature and salinity ranges, σ 1 increases by about 0.0085 kg m -3 with a decrease of 0.10 deg in θ 1 , though σ θ increases by about 0.006 kg m -3 with a decrease of 0.10 deg in θ (Fig. 3) . Since temperature and salinity accuracies are considered to be 0.02 deg and 0.01 PSU, σ 1 is determined to an accuracy of 0.01 kg m -3 . From observed temperature and salinity values in the UJSPW (Senjyu and Sudo, 1993) , we find that the definition of the UJSPW, σ 1 range of 32.00-32.05 kg m -3 , and the core of the UJSPW, σ 1 32.03 kg m -3 surface, correspond to the range of σ θ = 27.31-27.34 kg m -3 and 27.32 kg m -3 surface, respectively.
In physical oceanography, the traditional unit ml l -1 for dissolved oxygen is still widely used instead of µmol l -1 , though for nutrients such as phosphate and nitrate µmol l -1 is used. For convenience of comparison with previous results, we use the unit of ml l -1 for dissolved oxygen in this paper.
Vertical Distribution of the Water Properties and Its Seasonal Variation
In the previous paper (Senjyu and Sudo, 1993) , it is shown from a few observations that the UJSPW can be defined as having a σ 1 range of 32.00-32.05 kg m -3 . Further, it is necessary to establish overall relationships between σ 1 and water properties of the Japan Sea Proper Water. Figures 4 and 5 show potential temperature θ 1 and salinity against σ 1 31.95 kg m -3 or more in winter and in summer. Closed circles and crosses with horizontal bars denote mean values with twice a standard deviation of temperature or salinity values for σ 1 of every 0.01 (±0.005) kg m -3 for north and south of 40°N, the latitude roughly corresponding to the location of the polar front. Potential temperature θ 1 decreases with increasing σ 1 above σ 1 = 32.05 kg m -3 surface, although most of salinities are within a range of 34.04-34.07 PSU above the surface. On the contrary, for more than σ 1 32.06 kg m -3 , salinity increases with σ 1 , and θ 1 slightly decreases. This indicates that the density above the 32.05 kg m -3 surface is mainly determined by temperature, while that below the surface is mainly determined by salinity. This characteristic is found both in the north and in the south of 40°N all year round (figures are not shown for spring and autumn).
The relationship between σ 1 and dissolved oxygen ( Fig. 6) shows that there are two oxygen modes above the 32.05 kg m -3 surface: a high oxygen mode found north of 40°N and a low oxygen mode south of 40°N. A clear oxycline, especially in winter, is seen between the water with a high oxygen mode and the underlying water at about the 32.05 kg m -3 surface; below the oxycline the differences of mean oxygen values for the same density range between north and south of 40°N fall to less than 0.25 ml l -1 . It seems that the high oxygen mode in winter can be subdivided into two modes: one is a mode 7.0 ml l -1 or more for σ 1 = 31.95-32.05 kg m -3 and the other is about 6.7-5.8 ml l -1 decreasing with an increase in σ 1 between 31.99 and 32.05 kg m -3 . Therefore, standard deviations of high oxygen mode in winter are larger than those in summer.
A similar relationship in an opposite sense to dissolved oxygen against σ 1 is seen between σ 1 and phosphate ( Fig. 7) : a low phosphate mode and a high phosphate mode are formed above the 32.05 kg m -3 surface for north and south of 40°N, respectively.
These characteristics of vertical distribution of water properties indicate that the Japan Sea Proper Water can be divided into two water masses, the UJSPW and deep water, at σ 1 = 32.05 kg m -3 surface as pointed out in our previous paper. It is clearly shown that above the 32.05 kg m -3 surface the oxygen value of the high oxygen mode in the north of 40°N is 5.8-7.0 ml l -1 in winter and decreases to 5.5-6.7 ml l -1 in summer; the phosphate value of the low phosphate mode is 1.1-1.8 µmol l -1 in winter and increases to 1.3-1.9 µmol l -1 in summer. Below the 32.05 kg m -3 surface, the mean oxygen values north of 40°N are slightly higher in winter than in summer.
Seasonal Variation of the UJSPW Core
To present seasonal and spatial variations of the UJSPW properties, we made a data set for 1° latitude × 1° longitude square with 19 vertical segments ( Table 1) for each of four seasons; it is assumed that the mean of the property value in a segment is given at the center of the square on the corresponding level.
The core of the UJSPW is represented by σ 1 = 32.03 kg m -3 surface (Senjyu and Sudo, 1993) . Figure 8 shows depth distributions of the surface for each season. In winter, the surface outcrops about 42°N 134°E (the hatched area). This area is the shallowest region (<400 m) throughout the year. It extends eastward to about 138°E in summer and in autumn, and suggests a cyclonic circulation on the Japan Basin (see Fig. 1 ) north of 40°N (Nitani, 1972; Ohwada and Tanioka, 1972; Nishiyama et al., 1993) . On the other hand, the deepest region is found on the Yamato Basin through the four seasons. The isopycnal depth on the Yamato Basin is 480 m or more in winter and deepens to more than 550 m in summer and in autumn. It is probably due to the seasonal variation of the Tsushima Current in transport which takes a minimum in winter to spring and reaches a maximum in summer to autumn (Hata, 1962) . 2  10  1~15  3  20  16~25  4  30  26~35  5  50  36~75  6  100  76~150  7  200  151~250  8  300  251~350  9  400  351~450  10  500  451~550  11  600  551~650  12  700  651~750  13  800  751~850  14  900  851~950  15  1000  951~1100  16  1200  1101~1300  17  1500  1301~1700  18  2000  1701~2300  19 2500 2301T able 1. Vertical segments for 1° latitude × 1° longitude data set.
(a) Salinity distributions on the surface in winter and in summer are shown in Fig. 9 . Salinity variations are small in time as well as in space (34.05-34.08 PSU with a few exceptions throughout the year); it is slightly higher off the Siberian coast north of 42°N (>34.07 PSU) and in winter it is unusually high in a region west of the northern Honshu (39°-40°N 139°-140°E, 34.09 PSU).
Dissolved oxygen distributions on the surface are shown in Fig. 10 . A high oxygen region with more than 6.0 ml l -1 is shown between 40° and 43°N except near the Japanese coast all year round. The region diminishes to the west of 136°E in spring and extends to off the northern Japan in summer and in autumn. High values more than 6.5 ml l -1 are seen north of 41°N in the west in winter and in spring; the areas correspond to the regions of less than 300 m isopycnal depth and the region with more than 7.0 ml l -1 coincides with the outcropping region (Figs. 8(a) and (b)). A steep north-south oxygen gradient, indicating southward decrease by about 0.5 ml l -1 in one degree of latitude, is found at about 40°N; it corresponds to the polar front at the surface layer. The dissolved oxygen contents on the Yamato Basin are less than 5.5 ml l -1 through the four seasons. Therefore, the oxygen contents south of 40°N are apparently higher in the west of the Yamato Rise than in the east. The region with less than 5.5 ml l -1 stretches north of 39°N along the northern Japan.
Phosphate distribution patterns on the surface are similar to those of the dissolved oxygen (Fig. 11) . The area between 40° and 43°N near the Siberian coast shows less than 1.6 µmol l -1 both in winter and in summer. High phosphate values of more than 1.8 µmol l -1 are shown on the Yamato Basin; a marked difference between east and west of the Yamato Rise is clear as well.
In our previous paper, depth and dissolved oxygen distributions in July 1969 and depth, salinity, dissolved oxygen and phosphate distributions in September-October 1969 on the σ 1 = 32.03 kg m -3 surface were presented (Senjyu and Sudo, 1993, Figs. 7-10) 
Relationships among Phosphate, Nitrate and Oxygen on Isopycnal Surfaces
Dissolved oxygen content decreases below the photic layer with the passage of time because oxygen is consumed by living organisms and by the oxidation of detritus; as a result, nutrients as phosphate and nitrate increase. Such oxygen consumption can be estimated to be the difference between saturation values and the observed values of dissolved oxygen, AOU (Apparent Oxygen Utilization, in ml l -1 ), on the assumption that water had been saturated with oxygen when it was last at the sea surface.
In previous section, we found that there are regional characteristics in water properties in the Table 2 . PO 4 regeneration (in µmol l -1 ) to increase in AOU (in 1.0 ml l -1 ). UJSPW; distributions of dissolved oxygen and phosphate are different between eastern and western regions of the Sea as well as north and south of 40°N. To find relationships among them, we divide the Japan Sea area into four areas shown in Fig. 12 . Area I includes the Siberian coast region north of 40°N; counterclockwise, Area II is the west of the Yamato Rise, Area III is the east of the Rise, mostly on the Yamato Basin, and Area IV is on the eastern Japan Basin including off the Japanese coast north of 40°N. This division is made with consideration for the bottom topography, the Tsushima Current path and the location of the polar front as well as property distributions. Figure 13 shows relationships between AOU and phosphate for the range of σ 1 = 32.025-32.035 kg m -3 (regarded as property values on the σ 1 = 32.03 kg m -3 surface) for each of areas in winter. Mostly, AOU values are 0.6-2.0 ml l -1 and phosphate values are 1.2-1.6 µmol l -1 in Area I except for several high values. In Areas II and III, south of 40°N, AOU and phosphate contents have higher values than those in Area I; standard deviations are apparently smaller than those in Area I. AOU and phosphate contents in Area IV, on the other hand, are in wider ranges (AOU 0.4-3.1 ml l -1 , phosphate 1.0-2.5 µmol l -1 ), showing a linear correlation between both properties. Figure 14 shows means with twice a standard deviation of AOU and phosphate on σ 1 = 32.03 kg m -3 surface for four areas in winter and in summer. A definite linear correlation among four areas is clearly seen in both seasons (correlation coefficients: 0.862 in winter and 0.753 in summer). The lowest AOU and the lowest phosphate are in Area I; it suggests that the water lying in Area I is the youngest water, which was the latest at the sea surface. The highest AOU and the most abundant phosphate occur in Area III. The means of AOU and phosphate in Area II are slightly lower than those in Area III, although distribution ranges of AOU-phosphate points in both areas partly overlap (Figs. 13(b) and (c) ). There are significant differences in means of AOU Table 2 . The ratio is nearly constant through the four seasons; the average value over the density range of the UJSPW throughout the year is 0.316 µmol ml -1 . Figure 15 shows relationship between AOU and nitrate means on the σ 1 = 32.03 kg m -3 surface. Since stations with nitrate observations are small in number, in particular, in winter and in spring, seasonal analysis is not made. A linear correlation among four area means is clear. The 14. Since stations with nitrate observations are small in number, seasonal analysis is not made. (Table 3) . The atomic ratio of phosphate increase, nitrate increase and oxygen utilization, Redfield ratio, in the UJSPW yielded from our analysis is ∆P:∆N:∆O = 1:14:-282.
The ratio of oxygen consumption to phosphate regeneration is slightly greater than that of Redfield et al. (1963) of 276, and smaller than that of Broecker et al. (1985) of 350. This is not inconsistent with the ratio in upper 600 m in the Japan Sea (Baba et al., 1985) , and is much larger than that of Kim et al. (1992) of 152 for upper 400 m depths. The ratio phosphate to nitrate, 1:14, is the mean of 1:16 (Redfield et al., 1963; Broecker et al., 1985) and 1:12 (Kim et al., 1992) .
Discussion and Conclusions
The UJSPW includes the mode water characterized by the vertical minimum of potential vorticity (Senjyu and Sudo, 1993) . In the absence of mixing, the potential vorticity will be conserved along flow line (Talley and McCartney, 1982) . Since the potential vorticity is in proportion to reciprocal of a thickness between isopycnal surfaces and the Japan Sea is of a narrow range of latitude, the horizontal distribution of thickness must be equivalent to that of potential vorticity. Figure 16 shows the thickness between σ 1 = 32.03 and 32.05 kg m -3 surfaces which represents the mode water thickness in winter and in summer. In winter, the region with thickness of more than 400 m is found off the Siberian coast, 41°-43°N 133°-137°E, which nearly coincides with the region of less than 300 m in σ 1 32.03 kg m -3 surface depth including the outcropping area ( Fig. 8(a) ). In summer, the region with thickness of 300 m or more extends from the Japan Basin between 40° and 43°N to the west of the Yamato Rise showing a few rifts. This region nearly corresponds to that of more than 5.5 ml l -1 in dissolved oxygen on the surface and to that of less than 1.8 µmol l -1 in phosphate as well (Figs. 10(c) and 11(b) ). On the Yamato Basin, the thickness is less than 300 m both in winter and in summer.
Off the Siberian coast between 40° and 43°N shows the poorest nutrients and the lowest AOU (the highest dissolved oxygen); the Yamato Basin east of the Yamato Rise shows the most abundant nutrients and the highest AOU (the lowest dissolved oxygen). This suggests that the youngest water having been the latest at the sea surface lies off the Siberian coast between 40°a nd 43°N, while the oldest water in the Japan Sea lies on the Yamato Basin. Moreover, nearconstant ratios among AOU and nutrients are found on isopycnal surfaces relevant to the UJSPW. The phosphate values for zero AOU values must show the contents of phosphate in the water parcel having left the sea surface, on the assumption that newly formed UJSPW has been saturated with oxygen and the mixing with other water masses during circulation is insignificant. This "initial phosphate" (PO 4 0 ) can be estimated to be phosphate values when individual points on AOU-phosphate diagram such as Fig. 13 are moved to the vertical axis parallel to the slope of regeneration ratio. The initial phosphate can be regarded as conservative property such as potential temperature and salinity as long as the relationship between phosphate regeneration and dissolved oxygen consumption is held (Broecker et al., 1985) . Redfield (1942) applied this concept to an isopycnal analysis for the North and South Atlantic, and showed that the phosphate maximum lying 400-1000 m depth on mid-latitude originates at the Antarctic convergence. Broecker et al. (1985) showed that initial phosphate contents calculated from the regeneration ratio 350, based on the oxygen-phosphate relationships on selected isopycnal surfaces in various oceanic regions, are almost conservative and elucidated the origin of the salinity maximum water in the Antarctic. In this study, we calculate the initial phosphate from the relation (Table 2) PO 4 0 = PO 4 -0.316 × AOU. Figure 17 shows relationships between PO 4 0 and θ 1 on the σ 1 = 32.03 kg m -3 surface (the range of 32.025-32.035 kg m -3 ) in winter and in summer. There are no significant differences in relationship among the four areas; the points are mostly within the range of θ 1 = 0.3-0.6°C and of PO 4 0 = 0.8-1.3 µmol l -1 . Similar relationship is found between θ 1 and NO 3 0 (not shown). Furthermore, the similar distribution of points on the diagram are seen on the isopycnal surfaces of σ 1 = 32.00 and 32.05 kg m -3 , corresponding to the top and bottom of the UJSPW. This indicates that the UJSPW has originated from a single water mass with specific contents of dissolved oxygen, phosphate and nitrate, although the water shows distinctive property values in each of the four areas. Figures 14 and 15 suggest that the youngest water formed in Area I enters into Area III, where the oldest water lies, through Area II, continuously modifying property values. The youngest water next to in Area I is found in Area IV; probably the major portion of the UJSPW in Area IV has flowed directly from Area I. Since AOU-phosphate relationship in Area IV has a wider range overlapping the range in any of the areas, it is conjectured that there are water exchanges between Area IV and Area II as well as between Area IV and Area III (Fig. 13) . Clarke and Coote (1988) pointed out that the initial nutrient content such as PO 4 0 cannot be used in an absolute sense to integrate nutrient contents back to the source region to infer the original nutrient contents because newly formed water masses by wintertime convection are frequently undersaturated in oxygen. From the wintertime hydrographic data, showing deep convection, such as Takuyo stations taken in March 1977 (Senjyu and Sudo, 1993, Figs. 12 and 13) , the saturation ratio and AOU in forming the UJSPW are inferred to be about 90% and 0.9 ml l -1 , respectively. Therefore, it is probable that the formation region of the UJSPW is identified from the phosphate distribution at subsurface in winter (Fig. 18) . The values of 0.8-1.3 µmol l -1 at 10 m being identical with the PO 4 0 range shown in Fig. 17 are seen north of 40°N, west of 139°E. The region includes the whole of Area I and the southwestern part of Area IV (Fig. 12) . The mean of the initial phosphate contents of the UJSPW in winter is 1.05 µmol l -1 and individual values do not exceed 1.3 µmol l -1 in Area I in winter (Fig. 17) . If the water has left the sea surface before saturation, the PO 4 0 values must be a little greater than the values given in Fig. 17 . Therefore, the winter mean of PO 4 0 is probably about 1.3 µmol l -1 . It is noteworthy that the region of 1.2 µmol l -1 or more at 41°-43°N 133°-134°E shown in Fig. 18 coincide with that of 7.0 ml l -1 or more of dissolved oxygen on the surface (Fig. 10(a) ). The region is one of the most probable ones for the formation of the UJSPW; this agrees closely with the result of the Sudo's (1986) analysis. The region of 42°-43°N 135°-136°E in Fig. 18 (less than 200 m depth, 6.5 ml l -1 or more dissolved oxygen on the σ 1 = 32.03 kg m -3 surface in Figs. 8(a) and 10(a) ) is probably one of the sources as well. The winter hydrographic station data available for the present analysis are limited. Open ocean convection in winter may occur sporadically in variable places and in variable intensity according to meteorological and oceanographical conditions. From Figs. 8(a), 10(a), 11(a), 16(a) and 18, it is inferred that the UJSPW is formed in winter off the Siberian coast between 40° and 43°N west of 136°E. We conclude that the UJSPW is formed in winter off the Siberian coast between 40° and 43°N west of 136°E as described in our previous paper (Senjyu and Sudo, 1993) . The newly formed UJSPW, which probably produced by deep convection, sinks to the isopycnal surface of its own potential density and spreads on the surface mixing vertically with overlying and underlying waters. From the property distributions and AOU-nutrients relationships on relevant isopycnal surfaces, it is concluded that the UJSPW is advected southward to southwestward from the source region along the Continental slope seeing it on the right-hand side, and a large portion of the water is transported to the west of the Yamato Rise. The dynamical process of the flow is probably associated with the effects of earth rotation. It is well known that gravity currents in rotating system flow along the boundary seeing it on the right-hand side in the northern hemisphere conserving its initial potential vorticity (e.g., Griffiths, 1986) . Since the UJSPW is prevented from advecting directly into the Yamato Basin by the Yamato Rise, it flows into the Basin detouring around the Rise; turns clockwise along the northern periphery of the Rise or flows getting over the spur south of the Rise. Since this flow is probably sluggish or intermittent, the Yamato Basin is replenished with the water of the lowest dissolved oxygen and the highest nutrients. The circulation must be stable because there is no significant seasonal variation in property distributions and in AOU-nutrients relationships on relevant isopycnal surfaces. Unfortunately, few direct current measurements have been made in the UJSPW. Kitani (1987) made direct current measurements in the UJSPW down to near the bottom at three stations in the eastern Japan Basin and the Yamato Basin for about 200 days. He observed flows with very similar variations in direction and speed throughout the water column (with two to four current meters) at each current measurement sites; in particular, on the eastern periphery of the Yamato Rise the current was nearly the same at depths of 605 m to 2665 m with the mean of 2.4 to 3.5 cm s -1 southwestward to west-southwestward (Kitani, 1987; Senjyu et al., 1992) . This suggests that the Japan Sea Proper Water flows with a uniformity through the water column.
